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FOREWORD 



The results of this study formed part of Ontario's contribution to the 
Lake Superior Intensive Surveillance and Monitoring Program of 1983. 
An earlier draft of this report was submitted to the International 
Joint Commission (September 1985) for inclusion in the Lake Superior 
Task Force Report. 
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SUMMARY AND RECOMMENDATIONS 

In the spring of 1983, the Ministry of the Environment's Great Lakes 
Section undertook a survey of ten embayments on the Canadian shores of 
Lake Superior, as part of the Province of Ontario's contribution to the 
international surveillance program on Lake Superior. The ten 
embayments surveyed included point source and non-point source bays. 
The point source bays, or those bays with known industrial or municipal 
discharge were Thunder Bay, Nipigon Bay, Jackfish Bay and Peninsula 
Harbour (Marathon). Those non-point source bays, or bays without any 
known industrial or municipal inputs included; Pine Bay, Black Bay, 
Ashburton Bay, Michipicoten Bay, Batchawana Bay and Goulais Bay. 

Phenol ics levels above the Provincial Water Quality Objective (PWQO) of 
1.0 ug/L were found at some locations in Thunder Bay, Nipigon Bay, 
Peninsula Harbour, Ashburton Bay and Michipicoten Bay. All embayments, 
point source and non-point source bays alike, had elevated metal 
results which exceeded the PWQO. Those metals include aluminum, lead, 
copper, cadmium, iron, zinc and nickel. The total phosphorus guideline 
of 0.020 mg/L was exceeded at some stations in Pine Bay, Thunder Bay 
and Jackfish Bay. 

Most of these elevated results may be attributed to pulp and paper 
related industry, municipal discharges, atmospheric input, and natural 
weathering or leaching. Pine Bay, Ashburton Bay and Michipicoten Bay 
which exceeded the PWQO for parameters; phenol ics, total phosphorus and 
metals, give cause for concern, since they are without industrial or 
municipal inputs. 

In light of these results, recommendations are as follows: 

1. Future studies should be done to update all ten embayments, 

particularly those non-point source bays which exceeded PWQO's. 
Possible sources should be investigated in all embayments, and 
should include tributary, industrial, and municipal effluent 
characterization. Fieldwork should be scheduled during the spring, 
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Summary and Recommendations (cont'd) 



summer and fall to determine significant seasonal differences. 
Additional replicate sampling should also be included for more 
accurate results and therefore, conclusions. 

2. Atmospheric Programs should be further developed to better estimate 
atmospheric loading to Lake Superior and to determine source(s). 

3. Accummulation of contaminants in snow and potential spring loadings 
to Lake Superior should also be investigated. 

4. As sportfishing is one of the most popular recreational activities 
of tourists and local residents, fish habitat studies would be very 
beneficial to identify and protect fisheries. Fish tainting 
studies should also be carried out to evaluate the impact of local 
pulp and paper mill effluent on fish flavour. 
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1 . INTRODUCTION 



In 1972, the International Joint Commission (IJC) appointed the study 
group, the Upper Lakes Reference Group (ULRG) in response to the great 
concern of present and future water quality of Lakes Superior and 
Huron. Intensive studies were carried out in Lake Superior during 1973 
by federal, state and provincial governments representing both the U.S. 
and Canada. Results were then reported to the Reference Group for 
collective review. The ULRG concluded that the overall water quality 
of Lake Superior was "much better than both the objectives in the Water 
Quality Agreement and the jurisdictional standards with only isolated 
instances of pollution", (pp. 1 Summary and Recommendations IJC Vol 
I). Despite the general oligotrophic status of Lake Superior, certain 
harbours and embayments were found to be seriously affected by inputs 
of nutrients, organics and metals. The importance of carefully 
managing Lake Superior's contaminant loading is imperative due to the 
lake's long retention time and slow recovery rate for all pollutants 
entering the lake. (Matheson and Munawar, 1978). 

The Ministry of the Environment's Great Lakes Section undertook a 
survey during the spring of 1983 of ten point source and non-point 
source embayments along the Canadian shore of Lake Superior. This was 
part of Ontario's contribution to the international surveillance year 
on Lake Superior as prescribed in the Great Lakes International 
Surveillance Plan (GLISP). Point source bays included Thunder Bay, 
Nipigon Bay, Jackfish Bay, and Peninsula Harbour; and non-point source 
bays studied were: Pine Bay, Black Bay, Ashburton Bay, Michipicoten 
Bay, Batchawana Bay and Goulais Bay. Figure 1 illustrates embayment 
locations on Lake Superior, and Table 1 outlines the surveillance plan 
in more detail . 
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FIGURE 1= LAKE SUPERIOR 1983 SPRING SURVEY EMBAYMENTS LOCATIONS 



TABLE l;Lake Superior 1983 Spring Embayment Surveillance Plan Outli 



ne 



i 



Embayment 



Pi ne Bay 



+ Thunder Bay 



Sampling 

Dates 
1983 



Stns f 

Measured. 
Total (n) 



Kay 16 



May 15-18 



Black Bay 



* Nipigon Bay 



Jackfish Bay 



Ashburton Bay 



.Peninsula 
Harbour 



May 23 



May 20 



May 24 



May 24 



May 23 



615-617 
it - 3 



Replicate 

Stn 



616 



124,129,145 
148,164,166 
172-3,180-1 
518,534, 
1021-1040. 
n ■ 32 



579,582 
1011,1020 
n = 12 



180 
1035 



1013 



993-1010 
n = 18 



996 
1010 



702. 704 
705, 707 
709, 711-714 
719, 732, 
734-5 
n = 3 



711 



935-992 
n = 8 



967-8 
970-984 
n ■ 17 



Michipicoten 
Bay 



Batchewana 
Bay 



Goulais Bay 



May 20 



May 18 



959-966 
n = 8 



965 



559, 562 
631-5,637-9 
641. 95S 
n = 12 



559 



May 14 



I 1:2-7 
n = 8 



957 



Parameters measured 

FOR ALL EM8AYMENTS 



Total Phosphorus 

Filtered Reactive Phosphorus 

Filtered Total Phosphorus 

Total Kjeldahl nitrogen 

Total Nitrogen 

Nitrite and Nitrate 

Ammonia 

Dissolved Si T ica 

Suspended Sol ids 

Chlorophyl 1 a 

Corrected Chlorophyll a 

Potassium 

Chloride 

Unfiltered Reactive Sulphate 

Sod i urn 

Calcium 



Conductivity 

Turbidi ty 

Alkalinity 

Dissolved Organic Carbon 

Dissolved Oxygen 

Water Temperature 

Field pH 

Secchi Disc Depth 



Heterotrophic Bacteria 

Magnesium 

Aluminum 

Lead 

Iron 

Copper 

Nickel 

Zinc 

Cadmium 

Chromium 

Mercury (selected stations) 



Phenol ics 
Toxaphene (selected 



.tations) 



PCBs 

DDT and Metabolites 

Alpha-Benzene Hexachloride (BHC) 

Beta-BIIC 

Gamma -BHC 

Alpha Chlordane 

Ganma Chlordane 

Dieldrin 

DMDT 

Endrin 

Endosulfans 

Heptachlor 

fleptachlor Epoxide 

Mi rex 

Oxychlordane 



In addition to the spring survey, detailed environmental impact 
investigations were conducted in Thunder Bay, Nipigon Bay and in 
Jackfish Bay during the summer season of 1983 and are reported 
separately. (MOE, 1986) 

The purpose of the 1983 Spring Embayment Study was threefold: 

(1) to directly compare contaminant levels in point source and 
non-point source embayments. Non-point source embayments are 
described as bays having no known industrial or municipal 
discharges and point source bays are those that have known 
industrial and/or municipal inputs. This would then provide an 
assessment of background conditions and the changes attributable 
to direct inputs within and between embayments. 

Point Source Embayments Non-Point Source Embayments 

Thunder Bay Pine Bay 

Nipigon Bay Black Bay 

Jackfish Bay Ashburton Bay 

Peninsula Harbour Michipicoten Bay 

Batchawana Bay 

Goulais Bay 

(2) to evaluate a worst-case situation of potential enrichment or 
contamination problems by surveying immediately after the spring 
melt, (May 16 to May 24), 

(3) and to compare embayment water chemistry in 1983 with that 
observed in 1973. Results of this survey are utilized as base 
line studies against which future improvement or deterioration of 
the area can be measured as additional shoreline development 
occurs. 
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2.0 STUDY AREA BACKGROUND 

2.1 General 

Lake Superior is not only the largest of the Laurentian Great 
Lakes, but it is the largest lake in the world based on a surface 
area of 82,360 km 2 , and the second largest next to Lake Baikal in 
southeastern Siberia, based on its volume of 11,920 km 3 . It 
extends 610 km in length, 260 km in width and has a maximum depth 
of 405 m which is 223 m below sea level. The St. Marys River 
which flows to Lake Huron, is Lake Superior's only outlet. The 
drainage basin, formed mainly by past glacial erosion of the 
Pleistocene epoch, is almost entirely within the Canadian Shield, 
including approximately 81,600 km 2 of Canadian land. The igneous 
and metamorphic rocks that underlie the drainage basin are notably 
resistant to weathering processes (Sly and Thomas, 1974). 

Sedimentation rates in Lake Superior range from 0.1 to 2.0 mm/yr 
and are relatively high in Fe 2 3 and low in organic carbon. The 
lake bottom is covered in glacial till 10 to 30 m. in thickness, 
with an overlain thin layer of recent sediment which represents 
the top 10 m. (Matheson and Munawar 1978). The general 
circulation pattern first depicted by Harrington in 1895, is 
typical of northern hemisphere lakes, characterized by a 
counter-clockwise direction of flow. Summer and winter months 
circulation patterns in Lake Superior are similar, and spring 
convective mixing occasionally reverses flow along the northern 
and eastern shores. Upwelling occurs generally along the 
northwest shore in a large area in the middle of the lake. 
(Matheson and Munawar, 1978). Residence or detention time 
(volume/input per annum) has been calculated to be about 113 
years. Flushing time (volume/outflow per annum) is similarly 
lengthy at about 177 years. These two facts coupled with a short 
mixing time of only a few years (Lam, 1978), demonstrate the 
dangers of any additional pollutant loading. Persistent 
contaminants may be quickly distributed throughout the lake 
because of the relatively quick mixing time and, lake recovery of 
pollutant loading will be slow due to the extended flushing time. 
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Lake Superior is used for transportation as part of the St. 
Lawrence Seaway for export of Canadian goods and import of 
world-wide products. It supplies fresh water to municipalities 
and industry, supports fish propogation and recreational 
activities such as boating, and is used for disposal of sewage, 
industrial and other wastes. 

Recently, interest in recreational activities such as fishing, 
hiking, camping and boating has been on the increase. Salmon and 
trout fishing has been revived following stocking programs, and 
the need for more mooring facilities for pleasure craft is 
apparent on the northern shore. 

2.2 Pine Bay : 

Pine Bay is located on the north western shores of Lake Superior 
approximately 20 kilometres from the US-Canadian Border (see 
Figure 1). It measures about 17 km from north to south and 22 km 
from east to west at its widest points. Pine Bay is very shallow, 
seldom surpassing 4 meters in depth. Pine River is the major 
tributary draining to the bay from the north. Naomi Island, Pine 
Bay's lone island, is situated at the mouth of the bay (see Figure 
2). There are some cottages found on the eastern shore of the 
bay. 

2.3 Thunder Bay 

Thunder Bay is found on the north western shores of Lake Superior, 
approximately 50 km from the Canada/U.S. border (see Figure 1). 
It is an extensive bay stretching about 27 km from east to west 
and almost 40 km from the most northern point of the bay to Pie 
Island at its mouth. The shore is generally rocky with the 
exception of the lowlands located adjacent to the Kaministikwia 
River and sections of the Sibley Peninsula. These lowlands 
consist of thick deposits of gravel, sand and clay over solid 
metamorphic bedrock. The main tributary to Thunder Bay is the 
Kaministikwia River which flows from the west and continues into 
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three streams around the McKellar and Mission Islands at its 
mouth. Several other rivers discharge to Thunder Bay including 
the Mclntyre, Current, and MacKenzie Rivers (see Figure 3). The 
city of Thunder Bay known as the Lakehead, is the largest on the 
Canadian shores of Lake Superior with a population of 117,000 
(1980 statistics). 

The two most important factors governing the development of 
Thunder Bay and the surrounding area was its location as a 
transhipment point between the prairies and the east, and the pulp 
and paper industry. Three pulp and paper mills are located on the 
western side of Thunder Bay. These include, the Abitibi-Price 
Forest Products, Thunder Bay Division; Abitibi-Price Fine Papers, 
Fort William Division; and Abitibi-Price Provincial Paper. A 
fourth paper mill, Great Lakes Forest Products Limited, is found 
approximately 10 Km upstream on the Kaministikwia River. Figure 4 
illustrates these and other industrial locations. 

Major water uses of Thunder Bay Harbour, in addition to 
transportation, include municipal and industrial uptake for 
drinking and processing purposes; a receiving waterbody for 
municipal sewage, and industrial wastes, and recreational use such 
as fishing and pleasure boating. The tourist industry is 
apparently on the increase with greater numbers of hikers and 
campers making use of nearby Provincial Parks at Kakabeka Falls 
and Sibley every year. 

2.4 Black Bay 

Black Bay is a long narrow bay extending approximately 50 km 
northward from Edward Island at its mouth, to about 18 km at its 
greatest width. It is located on the northern shores of Lake 
Superior between Thunder Bay and Nipigon Bay (see Figure 1). The 
bay is relatively shallow in the northern section from Green 
Island northward with the deepest part running south in a narrow 
central channel past Edward Island to the open lake. Because of 
Black Bay's long and narrow features and its relatively small 
mouth, it has limited exchange with the open lake. The major 
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tributary to the bay is the Black Sturgeon River discharging from 
the north shore. Other tributaries are the Pearl and Wolf Rivers 
(see Figure 8). There are no industrial or municipal intakes or 
outfalls in the bay. Although Black Bay is still used 
recreationally for fishing and boating, the once flourishing lake 
herring fishery is now no longer there. 

2.5 Nipigon Bay 

Nipigon Bay is located in the most northern point of Lake Superior 
(see Figure 1). It is similar to Black Bay in its surface area 
and in limited exchange with the open lake, but has a 
multi-channel mouth due to a number of large islands including St. 
Ignace Island and Simpson Island. The Nipigon River which flows 
from Helen Lake in the north, is the main tributary to Nipigon Bay 
with an annual flow of 365.3 m 3 /sec. The town of Red Rock is 
found on the western shores of the bay with a population of 1,530 
(1980 population statistics). The only industrial activity on the 
bay is the Domtar Pulp and Paper mill which was established at Red 
Rock in 1945. The mill discharges directly to the bay. The town 
of Nipigon situated upstream on the Nipigon River is another major 
centre in the area with a population of 2,466 (1980 population 
statistics). The local water pollution control plant (WPCP) 
discharges to the Nipigon River just south of the Town of Nipigon. 
The municipal water intake for the town of Red Rock is located on 
Nipigon Bay, north of the town and mill (see Figure 10). Fishing 
and other recreational activities are carried out throughout the 
bay, but the fishery has declined in use. 

2.6 Jackfish Bay 

Jackfish Bay is situated approximately 250 km from Thunder Bay on 
the north shore of Lake Superior (see Figure 1). The bay covers 
an area of almost 6.4 square kilometers and measures about 4.5 km 
in length (north to south) and almost 3 km in width (east to west) 
at its greatest points. Jackfish Bay is divided into two inner 
arms, Moberly Bay on the west and Tunnel Bay on the east. The 
shoreline varies from large granite rock to lacustrine fine sand. 
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The community of Jackfish is the nearest populated center and is 
found on the eastern shore of Jackfish Bay. The municipal water 
supply is acquired from a local well system. Sportfishing and 
pleasure boating are carried out in Jackfish Bay and in the Tunnel 
Bay arm by local summer residents and tourists from a popular camp 
situated on Jackfish Lake, which is connected to Tunnel Bay via a 
series of small rivers. Blackbird Creek is the predominant 
tributary entering Moberly Bay from the northwest (see Figure 12). 
It is used only for waste disposal from the Kimberly-Clark Pulp 
and Paper Mill located about 13 km from the mouth of Moberly Bay. 
There are no other industrial or municipal outlets to the bay. 

2.7 Ashburton Bay 

Ashburton Bay is situated on the northern shores of Lake Superior 
between Jackfish Bay to the west and Peninsula Harbour to the east 
(see Figure 1). It is an open embayment with free exchange of 
water with the open lake. The varying shoreline ranges from steep 
rocky cliffs on the northern shore to alternating sandy and smooth 
rock beaches in Neys Provincial Park on the eastern shore (see 
Figure 15). 

The Little Pic River is the major tributary to the bay and its 
high spring flows are characteristically muddy brown in colour. 
McKellar Harbour is located on the northern shores of the bay, and 
was probably put to greater use in the earlier log driving days, 
when water transport was easier and more economical for industrial 
purposes. The bay supports a limited population, with virtually 
no surviving industrial activity. 

2.8 Peninsula Harbour 

Peninsula Harbour is found on the northeast shores of Lake 
Superior approximately 300 km east of Thunder Bay and 50 km east 
of Jackfish Bay (see Figure 1). The shoreline of the harbour 
consists of many small inlets of smooth impermeable rock. The 
harbour is sheltered by a hilly peninsula in the north extending 
out to Ypres Point, Hawkins Island in the west and the Peninsula 
to the south (see Figure 16). 
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There are no main tributaries to the harbour or to the study area 
south of the Peninsula. Adjacent to the harbour on the eastern 
shore is the town of Marathon which is populated by about 2,500 
inhabitants. The main industry is the American Can Ltd. pulp and 
paper mill situated on the northeastern side of the Peninsula, 
facing the southern portion of the harbour. Since this study was 
completed, the mill has changed hands, and is now owned and 
operated by James River Marathon Ltd. The mill effluent is pumped 
uphill to flow down the other side of the Peninsula in an open 
channel, and then out into the open lake on the southeast side of 
the Peninsula. In emergency cases of pump failure, effluent is 
discharged to the harbour. The Marathon Water Pollution Control 
Plant (WPCP) discharges to Lake Superior about 1.3 km south of the 
shorebased mill outfall within the study area. Marathon residents 
obtain their fresh water from ground wells. 

2.9 Michipicoten Bay 

Michipicoten Bay is found on the eastern shores of Lake Superior, 
and is approximately 10 km southwest of the town of Wawa (see 
Figure 1). It is an extensive open bay similar to Ashburton Bay 
which has free exchange of bay waters with Lake Superior. In 
addition, it has one dominant tributary; the Michipicoten River, 
discharging to the bay from the eastern shore. (See figure 18) 

The bay has a limited population with virtually no industrial 
activity. The bay shoreline is therefore uninhabited or sparsely 
populated for the most part. Camping, hiking, fishing and boating 
are the main activities here. The Lake Superior Provincial Park 
featuring Agawa Canyon, a popular tourist draw, is situated just 
south of Michipicoten Bay. 

2.10 Batchawana Bay 

Batchawana Bay is located on the southeastern shores of Lake 
Superior, approximately 30 km directly north of Sault Ste. Marie 
(see Figure 1). Its widest point from north to south is about 
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30 km and 40 km in length from its mouth in the west to the 
furthest eastern point. Batchawana Bay's most prominent feature 
besides its many small rivers, is Batchawana Island, an oddly 
shaped island ranging in north-south measures of 250 m and to over 
10 km. The island's maximum length from west to east is about 20 
km (see Figure 19). This feature impinges free exchange with the 
bay and the open lake. Major tributaries to the bay are the 
Harmony and Batchawana Rivers, which flow in from the northern 
shores of the bay. Recreational activities such as camping, 
boating, hiking and fishing are the major land uses in the 
vicinity. Batchawana Provincial Park is found on the northern 
shores of the bay just west of the Batchawana River. 

2.11 Goulais Bay 

Goulais Bay is found about 15 km south of Batchawana on the south 
eastern shores of Lake Superior (see Figures 1 and 19). It is a 
short 15 km. north of Sault Ste. Marie. This bay is considerably 
smaller in comparison with Batchawana Bay with unimpinged water 
exchange with the open lake. The Goulais River is its major 
tributary. As with the other non-point source embayments, Goulais 
Bay is limited in population and industrial activity, and the 
prominent land uses are again, recreational. 

3.0 SURVEY STRATEGY AND PROCEDURE : 

A total of 131 stations in ten embayments on the Canadian side of Lake 
Superior were sampled during May of 1983 (see Table 1 for surveillance 
plan detail). Station selection was based on previous surveys to best 
reflect the comparative effects of waste discharges or tributary 
loading to ambient conditions within point source and nonpoint source 
embayments. All stations were positioned with the aid of the sampling 
vessel's radar and depth sounding equipment. Sampling at each station 
was done once at a depth of 0.5 metres from the lake's surface. 
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Replicate stations in each embayment were positioned approximately 
500 m in a randomly chosen direction from an appointed regular station. 
For example, Pine Bay's replicate sampling was done 500 m from station 
616, and Nipigon Bay had two replicate locations; 500 m from station 
996 and 500 m from station 1006. At this position samples were 
collected once, and then, after a half hour interval, the vessel 
returned to the replicate station location and two samples were then 
taken; one on each side of the boat. Therefore a total of three 
samples were taken at each replicate station. Replicate sampling was 
done to measure small scale spatial and temporal variations as well as 
analytical error within each embayment. Replicate sample results are 
unavailable for Ashburton Bay and Peninsula Harbour due to field 
operational difficulties. 

Parameters such as silica, dissolved organic carbon (DOC), chloride, 
sulfates, calcium, sodium, total dissolved solids (TDS), turbidity, 
phenol ics, chlorophyll a, conductivity and nutrients, were collected 
with a Kemmerer sampler 0.5 meters below the lake's surface. 
Appropriate glass bottles were emersed in the lake over the side of the 
vessel with the aid of a sampling pole for collection of 
Polychlorinated Biphenols/Organochlorides (PCB/OC), toxaphene, heavy 
metals, heterotrophic bacteria and mercury. On board tests included 
pH, wind velocity and direction, secchi disc depth reading, dissolved 
oxygen, field conductivity and water temperature. Sampling procedure 
and laboratory analysis specifics are given in the Ministry of the 
Environment's Outlines of Analytical Methods. (M0E, 1981). 

4.0 STATISTICAL METHODS 



Simple univariate statistics were employed initially on all parameter 
results for each of the ten embayments to form an overall idea of data 
comparison within each bay and between source and non-point source 
bays. Statistical results such as, mean, standard deviation, minimum 
and maximum values for each bay were reviewed. 
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Jackfish Bay and Thunder Bay had the most compatible station grids for 
worthwhile comparative analysis of the 1973 and 1983 studies. A 
nonparametric analysis, the Mann-Whitney U Test (also known as the U 
Test or Wilcoxon Test) was chosen to test if there was a significant 
difference between the means of the two years. This test was chosen 
because it requires fewer assumptions than the corresponding parametric 
test (the I test), and it is appropriate for small sample size. 
(Freund, 1967). 

5.0 RESULTS AND DISCUSSION : 

5.1 Pine Bay 

Three stations were sampled in a north-south transect within the 
bay (See figure 2 for locations). Most water chemistry results 
were found to be low, with the exception of metals such as 
aluminum (0.180 mg/L at stn 616), cadmium (0.002 mg/L at stn 615) 
and lead (0.037 mg/L at stn 615) which were above Provincial Water 
Quality Objectives (PWQ0) of 0.1 mg/L, 0.0002 mg/L and 0.02 mg/L 
respectively. The total phosphorus result of 0.064 mg/L at Stn. 
617 was also in excess of the Provincial Guideline of 0.02 mg/L. 
(See Table 2 for Summary of Results.) 

As there are no known anthropogenic sources directly to the bay or 
indirectly through tributaries or land runoff, these elevated 
levels could be a result of atmospheric input or through winter 
accumulations in snow which have melted and discharged to Pine Bay 
during spring runoff. Also input could be from natural processes 
such as leaching of metals commonly found in the basin's 
metamorphic rock. 

Some caution should be exercised in drawing definite conclusions 
as these are single sample results taken during one season only. 
Similarily, the total phosphorus single station result above the 
Provincial Guideline should also be scrutinized with care. 
Therefore, we can see the importance of including Pine Bay in 
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FIGURE 2- PINE BAY STATION LOCATIONS AND PARAMETERS WHICH 
EXCEEDED PWQO MAY, 1983 
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TABLE 2 Lake Superior 1983 Spring Embayment Study Summary of Results 



Embayment 



Sampling 

Dates 

1983 



Stns # 
Measured. 
Total (n) 



Replicate 
Stn 



Parameters with Results 
Greater Than PWQO {1) 



Parameters with Results 
Below PWQO (1) 

FOR ALL EMBAYMENTS 



Other Parameters Measured 

FOR ALL EMBAYMENTS 



I 



Pine Bay 



* Thunder Bay 



Black Bay 



* Nipigon Bay 



Jackfish Bay 



Ashburton Bay 



.Peninsula 
Harbour 



Michipicoten 
Bay 



Batchewana 
Bay 



Goulais Bay 



May 16 



May 16-18 



May 23 



May 20 



May 24 



May 24 



May 23 



May 20 



May 18 



May 14 



615-617 
n - 3 



616 



Total Phosphorus 

Aluminum 

Lead 

Cadmium 



124,129,145 
148,164,166 
172-3,180-1 
518,534, 
1021-1040. 
n - 32 



180 
1035 



Total Phosphorus 

Phenols 

Aluminum, Cadmium, Copper 

Iron, Lead 



579,582 
1011,1020 
n - 12 



1013 



993-1010 
n - 18 



996 

1010 



702, 704 
705, 707 
709, 711-714 
719, 732, 
734-5 
n - 3 



711 



985-992 

n • 8 



967-8 
970-984 
n - 17 



959-966 

n - 8 



559, 562 
631-5,637-9 
641,958 
n * 12 



950-7 
n « 8 



966 



559 



957 



Aluminum, Copper 
Iron, Zinc 



Phenols 
Alumi num 



Total Phosphorus 
Iron 



Phenols, 

Aluminum, Copper, Lead 



Phenols, copper, 
lead, nickel 



Phenols 
Copper 



Copper, Lead 



Aluminum, Copper, 
Lead 



T'CBr. 

DDT and Metabolites 

Dipldrin 

DMDT 

Lndrin 

Tndosulfans 

Heptachlor 

Hrptachlor Fpoxide 

Mi rex 

Oxychlordane 

Cvimma-EHC 

Alpha Chlordane 

Tnxaphene 

Chromium 
Morcury 



Filtered Reactive Pnosphorus 

Filtered Total PhosD'iorus 

Total Kjeldahl Nitroq^n 

Total Nitrogen 

Nitrite and Nitrate 

Ammonia 

Dissolved Silica 

Suspended Solids 

Chlorophyll a 

Corrected Chlorophyll a 

Potassium 

Chloride 

Unfiltered Reactive Sulphate 

Sodi urn 

Calcium 



Conductivity 

Turbidity 

Alkalinity 

Dissolved Organic Carbon 

Dissolved Oxygen 

Water Temperature 

Field pH 

Secchi Disc Depth 



Heterotrophic Bacteria 
Magnesium 

Alpha-Benzene Hexachloride (BHC) 

Beta-BMC 

Gamma Chlordane 



(1) PWQO -Provincial Water Quality Objectives (MOr, Water Management: Coals, Policies, Objectives and Implementation Procpdures.May, W4) 
* Point Source Embayment 



future surveys on Lake Superior to document any change in metal or 
total phosphorus concentrations during the spring and in other 
seasons as well . 

In 1973, the Ministry of the Environment carried out a similar 
multi-embayment study in Lake Superior, with the exception of 
Ashburton Bay (MOE, 1974). The same three stations were sampled 
in Pine Bay as in the 1983 study but the survey took place during 
August, rather than May. In comparing the 1973 and 1983 results, 
the overall trend for these single sampled stations appears to be 
declining in nutrient values. Again, the difference in survey 
seasons and the validity of single samples should be noted, before 
drawing definite conclusions. 

5.2 Thunder Bay 

The survey of Thunder Bay included water quality sampling at 32 
stations generally concentrated about the western shore, where the 
majority of industrial activity is located, (see Figures 3 and 4). 

Total phosphorus concentrations at inner harbour stations 124 
(.026 mg/L) and 164 (.034 mg/L) and at station 166 (.039 mg/L), 
just outside the south end of the inner harbour were all above the 
Provincial Guideline of 0.02 mg/L. (See Figure 5 for contoured 
total phosphorus results). These stations were all situated at 
the mouth of major rivers and near Thunder Bay's highly 
industrialized area within the inner harbour. This may point to 
urban or spring runoff as a source, or to industrial related 
sources. Possible contributors include, the Great Lakes Forest 
Products Company located upstream on the Kaministikwia River, 
Abitibi-Price pulp and paper, and other forest related industries 
located within the inner harbour. The balance of the stations 
sampled for total phosphorus had results which ranged from 0.005 
to 0.018 mg/L. 
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QUALITY RESULTS (mg/L) MAY, 1983 
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Phenolic results at stations 1038 and 1040 were above Provincial 
guidelines. Both results of 1.2 were just above the objective of 
1.0 ug/L for the protection against tainting of edible fish flesh. 
Similar results were observed during the summer study of 1983. 
Reasons for these levels are somewhat puzzling as there are no 
industrial sources in the immediate area and these stations are in 
a deep water zone eliminating the possible explanation of 
resuspended phenol ics in sediment as a source. Since similar 
results were found in the following summer study. (Anderson, 1986) 

The PWQO's for heavy metals such as aluminum, cadmium, copper, 
iron and lead were exceeded at several nearshore stations located 
on the western side of the bay. Results greater than the aluminum 
criterion of 0.1 mg/L were found from Sugarload Hill in the north 
(station 1029) to the inner Harbour area (stations 124, 129, 145, 
148, 164, 166, 172, 173, 518) and south of Whiskyjack Point 
(station 1039). (See Figure 6 for contoured aluminum and other 
metals results above criteria). This area is where the major 
industries are concentrated including discharges of all four pulp 
and paper mills. Cadmium concentrations above the PWQ0 of 0.0002 
mg/L were found at station 518 in the inner harbour, and at 
stations 1024, and 1031, in the outer harbour. Elevated levels of 
copper were found at stations 148 and 518 (just outside the inner 
harbour), 1024 (Amethyst Bay) and at 1039 (south of Whiskyjack 
Point). Iron levels over PWQO of 0.3 mg/L, were mainly found in 
the inner harbour at stations; 124, 129, 164 and 166. Lead 
values greater than the acceptable limit of 0.02 mg/L were found 
at stations 518, 1024, and 1036. 

The mean annual streamflows for the Kaministikwia, Neebing and 
Mclntyre Rivers were apparently the highest in 1983 when compared 
to results from 1980 to 1984. Peak flows occurred during the 
month of May which coincides with this survey date. The 1983 flow 
results appear to be exceptional, representing a possible 
worse-case year for spring contaminant contributions to receiving 
waterbodies . 
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Study results including minimum, maximum and median values for 
Thunder Bay 1973 and 1983 surveys are graphically compared and 
presented in figures 7A and 7B. In comparing these surveys 
caution should be exercised due to: 

1. the variation of sample strategies resulting in uneven sample 
sizes of each survey. For example, 1973 had a total of 29 
stations with 1-4 samples per station (depending on the 
parameter sampled) versus the 1983 study which had 19 
stations with no more than one sample per station. It should 
be noted that although 32 stations were sampled in Thunder 
Bay during the 1983 cruise, only 19 stations were comparable 
to the 1973 survey grid. 

2. seasonal difference. Of the three 1973 cruises the August 
survey was selected for comparison and the 1983 study was 
done in May. The August 1973 data set was chosen because 
more comparable stations were sampled at this time rather 
than during the July and October cruises, which had too few 
stations for worthwhile analysis. 

In studying the graphs, (see Figures 7A and 7B) total phenol ics 
appears to have demonstrated a dramatic decrease in the last ten 
years. Total phosphorus and total kjeldahl nitrogen have 
generally not changed. The 1983 results do not have the single 
high residuals that the 1973 survey comes up with, thereby giving 
1973 results a greater range. Ammonia levels for 1983 are shown 
to have a limited range throughout the bay when compared to 1973 
results, which appear to have a greater range. 

Dissolved oxygen appears to have improved in 1983 when compared to 
1973, however, as dissolved oxygen is effected by temperature, and 
the surveys differ seasonally, it is difficult to draw definite 
conclusions. Conductivity and chlorophyll a have slightly 
increased according to the medians, and turbidity appears to have 
remained the same. 



- 22 - 



IB 
14 
!2 

10 
B 
G 
H 
2 



PHENOLICS 



T MAXIMUM 



j . MEDIAN 
1 MINIMUM 



PWOO 



_i_ 



1973 



I9B3 







AMMONIA 




B.0B 








a. B7 








B.es 








B.B5 








0.0H 








B.B3 








0.02 


•S 






0.0! 




i — 


§ 

i 



1973 



19B3 



113 



£ 





TOTAL 


PHOSPHORUS 


0. IE 






0. IH 








B.I2 


- 






B.IB 


- 






B.BB 


- 






B.BB 








B.0H- 




j 










PWOO 


0.02 


j 


i 



1973 







TOTAL KJELDAHL 


NITROGEN 


0.3- 






B.B- 








B.7 










B.E- 








B.5 


- 






j 


B.H- 










B.3- 










0.2 




a 


<i 


B.I 








• — - — 



1973 



I3B3 



FIGURE 7A: 



THUNDER BAY 1973 AND 1983 STUDIES COMPARISON RESULTS INCLUDING 
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THUNDER BAY 1973 AND 1983 STUDIES COMPARISON RESULTS INCLUDING 
DISSOLVED OXYGEN, CONDUCTIVITY, CHLOROPHYL A AND TURBIDITY 



Overall, less variation for the 1983 results may be due to the 
limited number of stations and single sampling at each station. 
The data appears to be showing a decreasing trend which may 
reflect successful remedial measures taken at the pulp and paper 
mills to reduce contaminant loading and suspended solids thereby 
improving dissolved oxygen levels and phenolics input. 

The Mann Whitney U Test for the comparison of 1973 and 1983 data, 
indicated that statistically significant differences (a = .05) 
existed for: filtered reactive phosphorus, ammonia, nitrite and 
nitrate, dissolved oxygen, phenolics, and water temperature. 
Water temperature and dissolved oxygen are expectedly different 
because of the contrasting survey seasons. Comparative data for 
1973 were collected in the summer during August, when water 
temperatures were considerably warmer than in May, when the 1983 
survey was conducted. 
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5.3 Black Bay 

Twelve sampling stations (see Figure 8) located mainly in the 
northern portion of Black bay were selected for study to present 
the best possible cross-section of water quality from tributary 
inputs to background conditions as based on results of past 
studies. 

Water chemistry parameters sampled were all below PWQO's with the 
exception of aluminum, copper, iron and zinc. More than half the 
stations measured recorded aluminum levels above PWQO of 0.1 mg/L. 
Those stations include stations 582, 1011-13, 1016, 1017 and 1020, 
Results above Provincial criteria ranged from .130 to .260 mg/L 
for aluminum. (See Figure 9). Copper, iron and zinc results 
were just slightly above the PWQO's of 0.005 mg/L, 0.3 mg/L and 
0.030 mg/L respectively, at one station each; station 1012 for 
copper and station 1013 for iron and zinc. The replicate station 
1013 confirmed these findings, with above objective results. 

Stations with levels above criteria were situated in the vicinity 
of tributary mouths as for example, Black Sturgeon Bay or at 
nearshore locations. Those elevated metal levels were probably 
associated with spring runoff, atmospheric input, local natural 
leaching of bedrock, or resuspension of deposited metals in 
sediments as the bay is relatively shallow and most elevated 
levels were found in the western nearshore zone. 

Black Bay's 1973 station locations were not comparable with the 
1983 spring survey, in that too few identical stations were 
sampled for worthwhile statistical analyses. Also the 1983 water 
chemistry results were found to be not homogeneously distributed, 
so that comparisons of whole bay means would not be relevant. 
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5.3 Nipigon Bay 

Stations in Nipigon Bay were selected, as with the other bays, to 
cover source and background conditions, centering around the mill 
outfall and extending out to Mazokamah Bay in the north, Vert 
Island in the east, and to Nipigon Strait in the south (See figure 
10). A total of 18 stations were sampled within the bay. 

Water quality results above PWQO were generally found near the 
western side of the bay in the vicinity of the Domtar Pulp and 
Paper mill outfall at Red Rock extending southward. Phenolic 
levels greater than the PWQO of 1.0 ug/L were detected extensively 
throughout the Nipigon Bay study area. Figure 11 shows the extent 
of phenolic concentrations above the Provincial Objective. 
Stations from the mill outfall (station 1001) continuing southward 
past Burnt and Outan Island (stations 1003 to 1008) to Nipigon 
Strait (station 1007), showed elevated phenolic levels ranging 
from 1.2 to 17.6 ug/L. Also, northwest stations 995 near the mill 
intake and 996 near Hughes Point had phenolic results of 1.2 ug/L, 
just above criteria. Replicate sample results at stations 996 and 
1006 confirmed these findings. The phenolic area of impact in 
this study is similar to results found in 1974 and 1975 (Jour. 
Fish. Res Board Can., 1977). These studies also observed 
tainting in 50% or more of fish (rainbow trout) exposed to 
effluent concentration of 3% by volume for 144h. The zone of 
potential tainting was based on depression characteristics in the 
bay and was estimated to extend up to 2.8 km from the point of 
discharge. Plume studies conducted in the summer of 1983 (MOE 
1984) found that not only did the effluent plume extend northwest 
and southeast, but that it differed greatly in size and extent 
from day to day. The source of contaminant inputs points to the 
Domtar pulp and paper mill in this study, as found in past 
surveys. 
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Heavy metals found in Nipigon Bay, such as aluminum and copper 
concentrations were greater than Provincial Guidelines of 0.1 mg/L 
and 0.005 mg/L respectively. These high levels occurred in the 
vicinity of Burnt Island (stations 1003, 1005) and extended south 
toward Nipigon Strait (station 1006). Again, these findings were 
verified by the replicate sample results. 

During the 1970' s the Domtar pulp and paper mill at Red Rock 
underwent several changes for improvement of the mill effluent. 
For example, a causticising plant and lime kiln was installed to 
reduce losses of calcium carbonate, the black liquor effluent 
handling system was improved, and an external treatment clarifier 
was built to remove fiber from wastewater. 

After 1973, a condensate steam stripper was constructed to 
eliminate volatile (mostly sulphurous) odorous and toxic 
materials. A new recovery furnace was installed at the Domtar 
mill in late 1982, to reduce emissions of contaminant dustfall and 
odours. 

Action was taken in 1980 by the Ministry of the Environment when a 
Control Order was served to the Domtar pulp and paper mill. This 
Control Order required modification to their primary treatment 
facilities to ensure compliance with suspended solids and toxicity 
requirements. These requirements were completed by September of 
1984, and the Domtar mill met the suspended solids, BOD and 
The modernization program at the Domtar mill also showed marked 
improvement in air quality with sharp decreases in dustfall and 
total reduced sulphur measured during 1983 (Griffin, 1984). 
However, dustfall increased from 1983 to 1984 due to the fallout 
from the bark-burning boiler. Currently, negotiation for a new 
Control Order to reduce this fallout is underway. Total reduced 
sulphur levels decreased again from 1983 to 1984 with some results 
exceeding the guideline. Additional emission controls were 
implemented during 1985. 
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Twenty years ago, Nipigon Bay had supported a wide variety of fish 
species including lake trout, pickerel, northern pike walleye, 
whitefish and lake herring. Fish stocks of pickerel are now 
depleted and other species are limited or rare. Commercial 
catches have also been periodically rejected for sale due to taste 
and odour problems. 

5.5 Jackfish Bay 

The spring survey for Jackfish Bay consisted of 13 stations 
throughout the bay (see Figure 12). Sampling results from those 
stations closest to the Blackbird Creek mouth, indicated the 
highest contaminant concentrations in the bay; particularly at 
station 702. 

Elevated levels of total phosphorus, total kjeldahl nitrogen, 
sodium, potassium, chloride, suspended solids, conductivity, 
turbidity, aluminum and iron were found at station 702, These 
results could be linked to the Kimberly-Clark pulp and paper mill 
outflow through Blackbird Creek, even though wood related 
industrial parameters such as sulphate and phenol ics did not 
appear in elevated concentrations. 

Other parameters, such as conductivity, turbidity and suspended 
solids were elevated near the mouth of Blackbird Creek because of 
peak spring flows carrying runoff from Blackbird Creek's drainage 
basin of 61.5 square kilometers, and also because the 
Kimberly-Clark mill discharges through the creek. 

Those parameters surpassing Provincial Guidelines were total 
phosphorus and total iron (see Figure 13). Total phosphorus 
exceeded the guideline of .020 mg/L with a result of .160 mg/L at 
station 702. At station 705, total iron had above objective (.3 
mg/L) results of .860 mg/L. 
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In the surrounding area of Jackfish Bay as with most of the 
northern shore of Lake Superior, mineral deposits of iron and 
other metals have been identified in the bedrock. Leaching of 
iron from local rock is possible, but not at a great rate because 
of the hard, weather resistant nature of the rock. Other sources 
may include atmospheric deposits or the Kimberly-Clark Pulp and 
Paper mill. Emissions from the kraft pulp mill has caused odour 
problems and presently the company is investigating options to 
reduce its total reduced sulphur. In the next Control Order due 
in 1987, compliance with the guideline will be a requirement. 
(Griffin, 1985). 

Water quality studies of 1973 and 1983 were found to be comparable 
in Jackfish Bay. Again, a note of caution should be kept in mind 
when comparisons are made here. Figures 14A and 14B illustrate 
eight parameters contrasting the two study year's minimum, 
maximums and medians. Phenol ics show a dramatic decrease which 
may be linked to high diluting spring runoff flows of Blackbird 
Creek in 1983, or it may possibly reflect improved mill effluent 
programs carried out over the preceding ten years. Additional 
mill detail and information of Jackfish Bay can be found in the 
Water Quality and Sediment Survey of Jackfish Bay. (Kirby, 1986). 

Ammonia also appears to have decreased (Figure 14A) but total 
phosphorus and total kjeldahl nitrogen appear to have increased. 
The medians, however, clearly indicate little change in almost all 
parameters except phenols and dissolved oxygen. Dissolved oxygen 
demonstrates improvement over the last ten years, ranging from a 
median of approximately 11 mg/L in 1973 to 13 mg/L in 1983, 
however, as water temperature effects dissolved oxygen levels, 
caution should be exercised here due to the seasonal differences 
of the surveys. Turbidity, conductivity and chlorophyll a have 
generally remained unchanged. The 1973 chlorophyll a found at the 
mouth of Blackbird Creek. For both study years, the highest 
contaminant concentrations were found at stations, 702 and 597 
located near the mouth of Blackbird Creek. 
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The results of the Mann-Whitney U Test comparing 1973 water 
chemistry results with 1983 for Jackfish Bay, indicate that there 
were significant differences (a = .05) with parameters: nitrite 
and nitrate, dissolved oxygen, phenol ics, secchi disc depth, water 
temperature, and turbidity. It is important to keep in mind the 
survey season differences for each year which would effect water 
temperature and dissolved oxygen. The only survey in 1973 for 
Jackfish Bay was done is July, which is compared to 1983 May 
results. Figure 12 illustrates station locations of 1973 and 
1983. In this comparison, 1983 stations 712, 713 and 734 were not 
included because there were no 1973 stations in close enough 
proximity to justify comparable testing. 

Significant differences for water temperature and dissolved oxygen 
in the Mann-Whitney Test results are due to seasonal differences. 
Other significant differences in parameters such as phenol ics and 
turbidity may be attributed to changes in operational procedure of 
the Kimberly-Clark pulp and paper mill during the ten year period. 
For example during the autumn of 1981, a large portion of the 
Kimberly-Clark pulp and paper mill was destroyed by fire. 
Consequently, more modern facilities were constructed with 
improved effluent treatment. 

Elevated levels were found at the mouth of Blackbird Creek which 
would imply the Kimberly-Clark mill as the source. Violations of 
PWQO's for these parameters measured are restricted to Moberly 
Bay. 

5.6 Ashburton Bay 

Eight stations were sampled in Ashburton Bay. (see Figure 15). At 
station 988, phenolic PWQO of 1.0 ug/L was exceeded with a result 
of 1.4 ug/L. Metals such as aluminum, copper and lead had levels 
greater than PWQO of 0.1 mg/L, 0.005 mg/L and 0.02 mg/L 
respectively. Stations with results for all three metals above 
criteria included 990 and 991, which were located at the mouth of 
the Little Pic River, and nearshore at the east side of the bay. 
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These results may be explained by the accumulation of metals and 
other contaminants in the winter snowfalls, which are eventually 
transported to the bay via the Little Pic River during spring 
thaw. Ministry of the Environment enhanced tributary loading 
program documents the little Pic River 1983 results as being one 
of the highest loading years during the five year span from 1980 
to 1984, with major peak flows during May. (MOE, 1980-1984) Year 
round atmospheric loading and local bedrock leaching are also 
possible sources. 

5.7 Peninsula Harbour 

The Peninsula Harbour survey involved the study of a total of 17 
stations; 9 stations within Peninsula Harbour and 8 stations in 
the open lake, south of the Peninsula (Figure 16). Phenol ics 
results greater than over PWQO 1 ug/L were found at eight 
stations; ranging from 1.2 to 5.8 ug/L. Five of the eight 
stations were located about the mill outfall at stations 977-980, 
and 983, one was located north of Blondin Island at station 968 
and two were situated in Jellicoe Cove at stations 974 and 972. 
Result here are obviously mill effluent related, for stations 
977-983, 968 in Beatty Cove and 972 found north of Skin Island may 
have exceeded acceptable limits due to wind direction which 
influences effluent dispersion. 

It has been noted on two other occasions since this study, that 
winds are extremely variable within a day, and have great 
influence on the effluent plume direction, as it is not uncommon 
to find evidence of the effluent within the harbour. (MOE 1984-5 
studies) . 

Gamma chlordane and beta benzene hexachloride (BHC) found in 
insecticides used to control forest or household pests were also 
identified. Gamma chlordane was found at station 973 near the 
mill intake in Jellicoe Cove, and beta-BHC was determined at the 
mill outfall extending around the northwest shores of the 
Peninsula at stations 976 to 979. The mill discharge appears to 
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be the source for beta-BHC. A possible source of this could be 
from the timber brought in for pulp and paper as it could have 
been used on the trees to control timber destroying insects or in 
household use pesticide products. 

Although results for these insecticides were not at extremely high 
levels it is important to note that Marathon was the only 
embayment where these organochlorines were detected. 

Heavy metals above acceptable levels included copper, lead, and 
nickel. Copper results at stations 975 and 976 were above PWQO 
criteria of 0.005 mg/L and, lead was over its 0.02 mg/L objective 
also at station 976. Mercury was detected at station 976, but did 
not in exceed the PWQO. Mercury contaminated sediment, water and 
benthic fauna were once major concerns (MOE, 1969, 1972, 1976). 

However, water quality of Peninsula Harbour and the study area to 
the south has greatly improved since the complete shut down of the 
mercury cell chlor-alakali operation in 1977, and the relocation 
of the mill discharge. 

In the southern portion of the harbour, station 974 results were 
above the Provincial guideline of 0.025 mg/L for nickel. These 
results tend to imply that the mill was the original source, and 
that past deposits of metals in sediment from earlier mill 
processes may have been resuspended. Another possible source 
could be the mill's emergency discharge from the old outfall to 
Peninsula Harbour. Spills and machinery malfunction which make 
immediate discharge to the harbour imperative, have occurred at 
the local James River pulp and paper mill. 

Earlier Ministry studies indicated phenolic compounds above 
acceptable limits persisting for distances of 2 km from the mill 
outfall (MOE 1972, and 1974). This study indicates phenol ics are 
still a widespread problem in Peninsula Harbour as well as near 
the mill outfall south of the Peninsula (Figure 17). 
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As previously mentioned, the mill has changed management since 
this study and several environmental and productivity improvement 
programs to modernize the mill have gone into effect. For 
example, a new submerged outfall was constructed and completed 
during 1984 to eliminate foam from the surface of Lake Superior 
and to provide sufficient initial dilution to ensure that effluent 
would be non-toxic to fish (IEC Beak Effluent Outfall Design 
Report, 1983). Proposed future action includes incineration of 
odorous gases from the digester blow, reduction of particulate 
from coal fired boilers and the installation of a condensate 
stripper. Further studies are necessary to document environment 
improvement and possible emerging problems. 

5.8 Michipicoten Bay 

Eight survey stations were selected for sampling within 
Michipicoten Bay (see Figure 18). Unexpected high levels of 
phenol ics above the accepted limit for drinking water and the 
protection of aquatic life, 1.0 ug/L were found at three stations; 
960, 961 and 963. As phenol ics are generally industrial related; 
usually found in steel, plastic, petrochemical or pulp and paper 
processes, it is difficult to determine a possible source in an 
area where there are no such anthropogenic activities. It may be 
possible that these phenolic results are naturally occurring as 
minor constituents of essential oils, or they could be formed 
through plant matter breakdown. Future sampling in Michipicoten 
Bay would be necessary to determine the type of phenol, and 
its source. 

Copper values also exceeded the PWQO standard of 0.005 mg/L, at 
three locations, stations 959, 961 and 963. Again these high 
copper values could be resultant of atmospheric concentrated loads 
released during the spring melt, or of natural leaching processes 
of the local bedrock. 
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5.9 Batchawana Bay 

Based on the many tributaries situated around the bay and on 
past results, twelve stations were selected for sampling and 
analysis. (See Figure 19). All parameter results were below 
PWQO with exceptions of copper and lead. Two stations above the 
copper objective of 0.005 mg/L were both located in the 
northwestern part of the bay; one at the mouth of the Batchawana 
River (station 639), and the other east of Stoney Point (station 
641). Both stations had results of 0.007 mg/L. Lead levels with 
a range of 0.022 to 0.380 mg/L, (above the guideline of 0.020 
mg/L), were situated at station 637 near the mouth of the Harmony 
River, at station 635 close to Jones Creek, and at station 559 
south of Batchawana island. As with the other non-point source 
bays we can surmise atmospheric input and natural leaching in the 
spring runoff season to be the major contributors of these above 
objective results for metals. The mean annual discharges of the 
Batchawana and Harmony Rivers were the highest for 1983 when 
compared to results from 1980 to 1984, with peak flows during the 
survey month of May (MOE, 1980-1984). This may signify greater 
loadings of contaminants as metals from leaching or atmospheric 
sources. 

5.10 Goulais Bay 

Eight stations were chosen for study and were located for overall 
coverage of the bay (see Figure 19). Metals such as aluminum, 
copper and lead had levels above PWQO of 0.1 mg/L, 0.005 mg/L and 
0.02 mg/L respectively. Results that just exceeded aluminum 
Provincial acceptable levels were found at nearshore stations 954, 
955 and 957 near the mouth of the Goulais River and had a range of 
0.110 to 0.160 mg/L. Other elevated results were detected at 
nearshore station 950 for copper and at station 957 for lead. 
However, the one lead result of 0.033 mg/L is not much greater 
than the objective of 0.020 mg/L to be of major concern. Again, 
these results just over Provincial metal objectives may be 
attributed to atmospheric input or leached minerals released to 
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the bay during the spring runoff season. Goulais River had a very 
high annual discharge in 1983 when compared to other years results 
from 1980 to 1984. Peak flows were during the survey period which 
may mean additional contaminant input. Certainly, total 
phosphorus loading results for Goulais River reflects greater 
input of this nutrient with greater discharge. Mean daily 
loadings of total phosphorus for 1983 in the Goulais River were 
137 Kg/d compared to results between 30.1 and 74.5 during 1980 to 
1984. (MOE, 1980-84) 

5.11 Replicate Sample Results 

As mentioned in the Survey Strategy and Procedure section of the 
text, replicate samples were taken in eight of the ten embayments. 
Peninsula Harbour (Marathon) and Ashburton Bay were not sampled 
for replicates. Those bays including Pine, Black, Jackfish, 
Michipicoten, Batchawana, and Goulais had one replicate station 
each; whereas Thunder Bay and Nipigon Bay had two replicate 
stations each. Replicate site locations were positioned 
approximately 500 m (in a randomly chosen direction) away from an 
appointed regular station. Those appointed stations from each bay 
are listed in Tables 1 and 2, and are listed below. 

Appointed Stn(s) for 
Embayment Replicate Stn. Location 



Pine Bay 


616 


Black Bay 


1013 


Jackfish Bay 


711 


Michipicoten Bay 


966 


Batchawana Bay 


559 


Goulais Bay 


957 


Thunder Bay 


180, 1035 


Nipigon Bay 


996, 1006 
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Replicate stations were sampled once and then after a half hour, 
the sampling vessel returned to the site to take two samples, one 
from each side of the boat. The Wilcoxon signed rank test was 
then used to test for significant differences between (A) the 
initial appointed station (ie. those stations listed above) and 
the replicate station (500 m away), and (B) the replicate station 
results with the average of the two samples taken one half hour 
later. 

The initial appointed station and the replicate station (500 m 
away) comparison (A) was expected to shed light on the possibility 
of spatial differences of certain parameter results; while the 
replicate station results compared with the average of two samples 
taken a minimum of one half hour later at the same location (B), 
was to represent any potential temporal difference. The Wilcoxon 
Signed Rank Test proved that for both (A) and (B) comparisons that 
there was no significant differences at the 95% significance 
level. The test was done for eight embayments listed above using 
results of parameters: chlorophyll a, phenol, aluminum, iron, zinc 
sulphate and dissolved organic carbon. 
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6.0 CONCLUSION 



The results of the spring study of 1983 is highlighted by phenolic 
results greater than PWQO in some point source embayments and the 
unexpected appearance of elevated levels in non-point source 
embayments; Ashburton Bay and Michipicoten Bay. The source or sources 
are difficult to determine without additional study. The phenol ics may 
not only be industrial waste related, but quite possibly they may be 
present in the aquatic environment due to natural processes as the 
decomposition of lignin or the degradation of biocldes or pesticides. 
Further study should include analyses of types of phenolic compounds to 
determine their origin, naturally versus industrially related. 

Some heavy metal results exceeded PWQO standard in all embayments, 
point source related or not. This appears to be evidence of 
atmospheric loading. The Upper Lakes Reference Group (ULRG) concluded 
in 1981 that atmospheric inputs were a significant source of nutrients, 
metals and organics. Lead and copper loading estimates were between 30 
to 40 percent of atmospheric contributing input to Lake Superior. 
Natural leaching of these minerals commonly found in the surrounding 
igneous bedrock must also be taken into account, particularly after 
the spring melt when levels are expected to be high. Sources again are 
not easily defined for heavy metal input. The present atmospheric 
monitoring program is a relatively new study and because of methodology 
problems, no co-ordinated long term monitoring studies have been done 
on contributing contaminants for example, ambient metal concentrations 
in the air (IJC-WQB, 1981). 

In comparing the spring 1983 study with the summer study of 1973, the 
general conclusion is that there appears to be a decrease in metals 
concentrations over the last ten years. However, as mentioned in the 
text, caution must be exercised here due to several differing factors 
of each study year. The survey designs and sampling seasons were not 
similar, therefore making it difficult to reach definite conclusions. 
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For example, the 1983 survey had single sampled stations during one day 
and 1973 had several (3-4) samples collected over a few days at many 
stations. The quickly changeable physical aspects of Lake Superior, as 
for example wind direction which drives surface currents, may have a 
great impact on study results. Future study should take these aspects 
into account. 
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